The concept of dynamic life tables arises when the mortality experience of the period life table cohort does not remain the same. This idea was proposed first by Denton and Spencer (2011) 
Introduction
In demography, the concept of dynamic life tables comes from the necessity to incorporate the effect of the year of death into the estimation of the measurement of mortality (Debon, Montes & Sala, 2006) . A review of dynamic models and their comparison can also be found in Debon et al. (2006) . Further, the modelling and projection method developed by Lee and Carter (1992) is the most commonly used method of projection. However, in the present paper the 'dynamic life table' applies only if the observed mortality rates of the period life tables continue to change and should not be used for forecasting (Denton & Spencer, 2011) .
Life tables are useful in analyzing changes in the mortality experienced by a population through time (Bell & Miller, 2005) . Since period life tables are based on mortality rates observed during a given year (or period), the life expectancies from such a table can reflect long-term implications of recent behaviour, but does not relate to the experience of any real cohort and typically varies from year to year as death rates change (Schoen & Canudas-Romo, 2005) . As Richards and Donaldson (2010) explain, mortality data for period tables is taken as observed, not adjusted for future changes, and the tables are not forward-looking in the sense that future improvement in mortality is not incorporated.
However, records in both developed and developing countries show a continuous decline in mortality. An extension of the period life table, then, namely a 'dynamic' extension, created by Denton and Spencer (2011) allows for the possibility of further changes in probabilities of death. This extension has been demonstrated with Canadian mortality data. Continuing the The historical record of Indian mortality data reveals a rapid demographic change over the years. The country's demographic transition began, rather hesitatingly, with a reduction in the average death rate during the 1920s and 1930s (Dyson, 2008) . According to the bulletins of Sample Registration System (SRS) of India, death rate has declined from 14.9 per thousand in 1971 to 7.1 in 2011. The infant mortality rate, which is an important indicator of health status of a country, has also registered a significant decline from 129 per one thousand live births in 1971 to 40 in 2013 40 in (SRS, 2014 . Due to a decline in mortality rates, the life expectancy at birth has also increased from 49.7 years during the period 1971-75 to 67.5 years in 2009-13 (SRS, India).
When life expectancy improves, it is nearly always the result of progress in survival among both children and adults, but the relative contribution of the different age groups changes according to the stage of demographic transition (Yamunadevi & Sulaja, 2016) . The demographic transition is characterized by mortality decline among all age groups, with reductions in death rates among children dominating survival improvements in the early stages of the transition and mortality decline among older adults becoming increasingly dominant in the advanced stages of the transition (United Nations, 2012) . This is demonstrated in Indian demographic data, where the size of the older population has risen from 12.1 million in 1901 to approximately 77 million in 2001, according to Census figures (Central Statistics Office, 2011) . Yamunadevi and Sulaja (2016) have examined the changes in old age mortality in India from 1971 to 2011 and revealed that the mortality at old age has considerably declined over time.
Although India has witnessed a spectacular improvement in mortality, the changes in mortality conditions across its states have been different. Moreover, the regional differentiation in adult mortality is significantly smaller than that of child mortality. For instance, the southern states experienced significantly lower levels of child mortality, whereas the adult mortality appears to be somewhat lower in the north-western parts of the country (Bhat, 1987) . With continuous changes in mortality, numerous studies (Chaurasia, 2010; Navaneetham, 1993; Saikia, Jasilionis, Ram, & Shkolnikov, 2009) have assessed the trends and levels of mortality transition and expectation of life for India and its states. Nevertheless, all of these studies have been based on the assumption that the mortality rates of the period life table remain the same. So far, no studies in India have attempted to incorporate these continuous changes in mortality.
Since we expect changes in mortality over time among all ages and also the continuous decline in infant and old age mortality, we chose to examine mortality by using dynamic life tables. The need for analysis through the use of the dynamic life table is particularly important for India and some of its major states to paint a more accurate picture of demographic shifts. To have an idea about the pattern of probabilities of death and corresponding life expectancies, mortality data from different states were selected from the North, South, East, West, Central and Northeast zones of India. For the present study, this includes Rajasthan and Punjab from North, Kerala from South, West-Bengal from East, Maharashtra from West, Uttar Pradesh from Central and Assam from Northeast zones.
Additionally, the pace of mortality reduction and consequently the increase in life expectancy is different over the last four decades. The rise in life expectancy at birth in India during the 30 years from 1970-75 through 2001-05 has been slow (Chaurasia, 2010) . A study by Bhat and Navaneetham (1991) examines the speed of mortality decline during the period of 1970-88 and its variation among the states of India. As such, in order to show the historical change in mortality in India and its states, we consider periods of 10, 25 and 50 years. Thus, our aim is to provide dynamic life expectancies for India and some of its major states (mentioned above) for the period 2006-2010 based on the rates of change of probabilities of death over the previous past10, 25 and 50 years (i.e., 1996-2000, 1981-1985 and 1951-1961, respectively) .
It is possible to summarize mortality rates in many ways. Relatively simple measures are expectation of life and the temporary expectation of life. The term 'temporary life expectancy,' which is the life expectancies between two specific ages, was first introduced by E. Arriaga (1984) and thereby it has been used widely across the literature (Arriaga, 1984; Pollard, 1988; Saikia et al., 2009) . Arriaga (1984) showed that the use of temporary life expectancy could avoid two types of problems in mortality analysis. First, the precision of life expectancy estimates based on unreliable data can be affected by errors in old age, which makes estimation of overall life expectancy at birth questionable (Saikia et al., 2009) . Second, the effect of the limit of the human life span on possible change in life expectancies should be taken into account when interpreting the observed change in life expectancies (Arriaga, 1984) . Following the same idea, it is important to explore the changing mortality scenario in terms of temporary life expectancies. More specifically, the temporary life expectancies under dynamic consideration will condense information on the changing mortality schedule between any two ages considerably. As such, we extend the formula for temporary life expectancy to suit the dynamic life table and shall apply it to India and the above mentioned states.
Data
The required data for this study were obtained from the Sample Registration System (SRS) based abridged life tables. The SRS is a large-scale demographic sample survey based on the mechanism of a dual record system with the objective of providing reliable estimates of fertility and mortality indicators at state and national levels for rural and urban areas separately. The SRS based abridged life tables cover a period of five years, which have been derived using the clubbed data of age-specific death rates (ASDR) for five years. Thus, estimates for the period 1981-85 may refer to the central value 1983. Similarly, the periods 1996-2000 and 2006-2010 may refer to the central values 1998 and 2008, respectively. In the present study, to construct dynamic life tables, the period 2006-2010 is taken as the reference period and, as such, different periods over the previous 10, 25 as well as 50 years might be chosen in order to bring out the implications for maintaining the rates of change of probabilities of death for the reference period. So, the periods 1996-2000 and 1981-1985 are taken for the 10 and 25 years interval with respect to the reference period 2006-2010. There was no readily available data for the 50 years interval, however, as the SRS based abridged life tables are available only from 1970-75. In order to make comparisons over 50 years, we have taken the abridged life table for 1951-61, by Kohli (1977) , which is centered at 1956. But for a 50 year gap the centered value should have been 1958. This led us to make the assumption that there is not much change in the pattern of mortality in India and its selected states within these two years (i.e., from 1956 to 1958).
However, in order to ensure comparability over 50 years, we made some adjustment to the population data for the period [2006] [2007] [2008] [2009] [2010] 
Methodology

Dynamic life table
To construct the dynamic life table, we adopted the method as given by Denton and Spencer (2011) where two period life tables which are t years apart are taken. Then the annual rate of change of probabilities of death for any age group
where, nqx is the probability of death for the age group n x to x  in the reference period table (in our context 2006-2010 will be the reference period) and n ̅x is the corresponding probability in the earlier period table.
The cohort of the reference period is given by xx l and xy l is the population of initial age group n x to x  that survived to the age group n y to y  . The probability that a member of the xx l cohort who has survived up to the exact age y will die in the interval n y to y  is-
where, nqy is the probability of death in the age group n y to y  in the reference period , nry is the annual rate of change of that probability, and y x  is the number of years between the subsequent age and initial age group, hence the number of years over which the age y probability has changed (Denton & Spencer, 2011) . After obtaining the dynamic probabilities of death, the rest of the columns of the life table are calculated in the same manner as a period life table.
Temporary expectation of life under dynamic consideration
Temporary expectation of life is an index which not only helps in understanding variations in age patterns, but also facilitates comparison of different reasons for mortality (Kohli, 1977) . Factors which affect mortality are associated differently with the different phases of life, and this division is useful for analytical purposes. The entire life span can be divided as infancy and childhood phase (0-5 years), adolescence phase (5-15 years), adulthood phase (15-50 years for the reproductive period of females and 15-60 years for the working period of males) and lastly, those ages 60 and older belong to the old age group. The temporary expectation of life between the exact ages i x and x  is given by
The dynamic temporary expectation of life between any two ages is then calculated using the same procedures as mentioned above and is given by: 
Results and Discussion
Life expectancy at birth (LEB) for the period 2006-2010 and the corresponding dynamic life expectancies based on the rates of change of probabilities of death over the previous 10, 25 and 50 years, viz. 1996-2000, 1981-1985 and 1951-1961 , have been presented for India and all the selected states in Tables 1 and 2 for males and females, respectively. The values in Table 1 indicate that the dynamic LEB for males in India during a 10-year interval is 70.2 years, which is 5.6 years more than the LEB of 64.6 years. The corresponding values for the intervals of 25 and 50 years are respectively 72.9 and 73.9 years, which exhibits a difference of 8.3 and 9.3 years respectively with the period LEB. A varying pace of mortality decline is observed among the selected states of India since 1970 (Navanetham, 1993) , and as such substantial variation in dynamic LEB is also inevitable. Furthermore, it is significant to note that over all the intervals, the dynamic LEB are relatively higher than the period LEB for India and its states under consideration, which can also be viewed from Figure 1 . This increase in dynamic LEB over all the intervals may be due to a continuous decline in mortality, which is largely the result of improved health conditions. Moreover, a growing of awareness of facilities for sanitation and cleanliness has helped to reduce the incidence of mortality (Panigrahy, 2006) . Also the control of epidemics such as small pox, tuberculosis and malaria has reduced the death rate of India to a larger extent. During the period between 2006-2010 and 1996-2000 , the highest difference in dynamic and period LEB is observed in Maharashtra with 8.6 years and the lowest in Uttar Pradesh, where there is a negative difference of 0.8 years. This may be attributable to the fact that during this 10-year interval, there was an increase in mortality among older people in Uttar Pradesh and consequently resulted in higher dynamic probabilities of death as compared to that of the period table probabilities of death (see Appendix1). Again, for the 25-and 50-year of intervals, the greatest differences are exhibited in the states of West Bengal (10.7 years) and Rajasthan (9.2 years), whereas the least difference is seen in Kerala with less than one year and Assam with 5.5 years, respectively. This shows that variations in life expectancy at birth among the regions of India are inevitable. One of the reasons for this disparity is that the improvements in infant and child mortality have been uneven and the majority of child deaths occur within marginalized and socially disadvantaged communities (Singh, Pathak, Chauhan & Pan, 2011) . It has been found that 54.8% children ages 0-4 in EAG (Empowered Action Groups) states of India died due to major infectious diseases whereas about 60% adults ages 15-69 years died due to major non-communicable diseases in 2001 -2003 (Dubey, 2014 .
Over all the three intervals, Kerala witnessed higher dynamic LEB at the 10-year interval, which indicates that the males of Kerala have experienced more declines in mortality rates during this interval than the other two intervals. Though Kerala has experienced a drastic decline in mortality and an impressive growth in life expectancy throughout the last century as a result, a major reduction occurred between 1951 and 1970 (Thomas & James, 2014) . By contrast, the states Assam, Maharashtra, Rajasthan and West Bengal have higher dynamic LEB at the 25-year interval when compared to other intervals. Likewise, the dynamic LEB for a 50-year interval is higher than the other two intervals in Punjab and Uttar Pradesh. This reflects a higher pace of decline in mortality rates during the first half century for these two states. Similar trends emerged among females as were observed among men. Table 2 reveals that the dynamic LEB of India for women produces a difference of almost 7.8, 10.4 and 9.8 years with the period LEB, respectively, for intervals of 10, 25 and 50 years. The state with the highest dynamic LEB for 10-year interval is Kerala (82.4 years), while the lowest is Assam (63.8 years). This is also the case for the 25 and 50-year gaps, where the highest dynamic LEB is in Kerala with 84.6 and 82.6 years, respectively. These have been seen lowest in Uttar Pradesh with 74.4 years and Assam with 68.9 years, respectively, for the corresponding periods. Figure 2 clearly depicts the differences in dynamic and period LEB for females, which also varied widely across the states. During the 10-year interval, the highest difference between dynamic and period LEB is noted in West Bengal (8.9 years) and the lowest is in Assam (0.6 years). This difference for a 25-year gap is highest in Assam with 11.5 years and lowest in Punjab with a negative difference of 1.7 years, which means that dynamic LEB is less than that of period LEB. This might be because, in Punjab, female mortality has increased more significantly from 1981-85 to 1996-2000 than 1996-2000 to 2006-2010 , where the increase in life expectancy is approximately 3.3 years. One of the possible reasons for an increase in female mortality or decrease in female LEB for this state is due to the imbalance caused in sex ratio due to a strong preference for sons. According to the Census of India, the child sex ratio in Punjab was 908 in 1981, which gradually reduced to 875 in 1991 and then to 793 in 2001. Moreover, a 50-year interval produces the highest difference of 9.6 years both in Uttar Pradesh and Rajasthan and a lowest difference of 5.7 years is observed in the states of Assam and Kerala. Tables 1 and 2 . The Sample Registration System report of India (2011) indicates that child mortality has continuously dropped from 110 per thousand live births in males and 126 in females in the year 1990 to 60 in males and 69 in females in 2009. This indicates that though the mortality differential among males and females has narrowed over the years, excess child mortality among females is still persisting in India, recording a gap of 9 per thousand live births in 2009. The evidence of an excess female mortality in childhood is typically understood as the consequence of parental discrimination against daughters in the provision of food and health care, even abusing the girl child within the household is also prevalent (Kuntla, Goli & Jain, 2014) .
Although child mortality remains significantly higher among the females of India, the improvements in overall mortality especially among adults have largely contributed to the increase in LEB in females as compared to males. Further, it has been observed that both under periodic and dynamic consideration, females are expected to live longer than their male counterparts in India and all the selected states. Tables 1 and 2 also reveal that there has been a faster decline in female mortality as compared to males over all the periods. These declines in dynamic probabilities of death and the corresponding male-female differential are depicted in Table 1 of the Appendix.
The increase in LEB under a dynamic scenario is attributed to a decline in child mortality and mortality in ages 40 and older. According to a recent by UNICEF et al. (2014), India's child mortality rate has dropped more than one half since 1990, but India still recorded the world's highest number of deaths among children below age five in 2013. The number of under-five deaths registered in India was 3.33 million in 1990, but it dropped to 1.34 million in 2013. Also the increasing level of urbanization in India tends to lower the death rate due to availability of better health facilities and sanitation. According to the Census of India, the portion of the population living in urban areas was 10.3% in 1911, and it increased to 27.8% by 2001 and 31.2% by 2011. Among the states under consideration, Kerala had the highest urban population (47.7%) in 2011 followed by Maharashtra (45.2%) and Punjab (37.5%). However, only 14.1% and 22.2% of population of Assam and Uttar Pradesh lived in urban areas, respectively. This might be one of the reasons that the people of these states experience a slower rate of mortality decline as compared to other states.
As discussed earlier, a comparison can also be made between period and dynamic LEB for 2009-2013 based on the rates of change in probabilities of death over 10 years, viz., 1999-2003 . Across the states of India, there is almost 0.3 to 1.7 years of increase in LEB from 2006-2010 to 2009-2013 for males. This increase in LEB ranges from 0.6 to 1.9 years for females. Analogous to the period 1996-00 to 2006-2010, the highest difference in dynamic and period LEB for males is observed in Maharashtra (8.5 years) and Kerala (8.2 years). Here also Uttar Pradesh observed a negative difference of one and half years. The change in dynamic TLE was different in different phases of life. However, we have only examined the differences for the old age group as the effects of the dynamic calculations are mostly seen in this age group. To demonstrate the effect of changing mortality on the dynamic TLE in the old age group, we have plotted the probabilities of death under both usual and dynamic considerations for the period of 25 years for Indian males ( Figure 3 ) and females ( Figure 4) . Figures 3 and 4 clearly indicate substantial differences in both usual and dynamic probabilities of death, which are greater in higher age groups. This confirms our assumption that the decline in old age mortality could be better explained through dynamic life tables. The values in Table 3 indicate the percentage of observed temporary life expectancy (TLE) for the 60 and older population to maximum possible years, which is 40 years, for the period 2006-2010 for India and all the selected states. The corresponding values of dynamic TLE over the period of 10, 25 and 50 years are also presented in the same table for both males and females. Generally, it is observed that there is an increase in TLE under dynamic consideration for India and the selected states over all the periods, except a few. The higher values of dynamic TLE in the old age group indicate that the reduction in mortality is faster in the corresponding intervals.
An analysis by the Central Statistics Office of the Government of India (2011) shows that the proportion of the population ages 60 or older in the total population has increased from 5.6% in 1961 to 7.4% in 2001. These percentages are usually higher among females than among males. With an improvement in sanitation conditions, nutrition and medical care (Medina, 1996) , the incidence of death due to communicable diseases declines especially among children and the population moved to the mid stage of the epidemiological transition (United Nations, 2012). In the third stage, people survive to adulthood where the number of deaths due to non-communicable diseases (NCDs) rises rapidly and has been responsible for high mortality rates among the adults (Yadav & Arokiasamy, 2013) . However, the fourth stage of epidemiological transition is characterized by continued improvements in life expectancy, producing a shift in mortality due to NCD to progressively older ages (United Nations, 2012). As such, the improvement in probabilities of survival among populations ages 60 and older has been reflected in dynamic probabilities of death (see Appendix-1). This corresponds to an increase in the temporary life expectancy at old ages and also the expectation of life at birth under dynamic consideration.
Conclusion
Dynamic life expectancies vary with the choice of historical period, which may be important to include when presenting results (Denton & Spencer 2011) . This analysis shows that the rates at which the probabilities of death are changing across previous years have a significant effect on expectation of life at birth. Moreover, there has been a continuous decline in mortality among older men and women in India and all the states under consideration. This could also be observed from dynamic probabilities of death for the old age group. We also discovered that the rate at which mortality has been declining is fast among women during the 25-year gap in India and all the selected states, except in Punjab. The differences in dynamic LEB for 2006-2010 and 2009-2013 (i. e., over 10 years), seem to vary more in Rajasthan and West Bengal for males. However for females, these differences are higher in India and all the selected states, with the exception being Punjab and Rajasthan. This study suggests that dynamic consideration reveals the real situation of death more accurately by maintaining the rates of change of the period table probabilities over the previous years. Note: The values of dynamic probabilities of death over all the periods for the age group 0-1 are not shown in the table as these were the same as the corresponding values of the period life table. This is an obvious result and could be verified through the given formula of dynamic probabilities of death.
